movements. Impoundments provided permanent, semipermanent, and ephemeral wetlands used by mottled ducks (Gosselink et al. 1979) . Water depths in these areas usually averaged <1 m. Vegetation was described by Chabreck (1972) .
I determined time-activity budgets by instantaneous sampling procedures (Altmann 1974, Paulus 1984) . Observations were made with a 15-40 x spotting scope, 7 x binoculars, and a 2 x night vision scope (Smith and Wesson, Boston, Mass.). A tape recorder, stopwatch, and super-8 movie camera were used to record specific events.
Instantaneous sampling of the activity of the focal individual was recorded every 20 seconds at the tone of a metronome (Wiens et al. 1970 ). The behavioral repertoire of mottled ducks was classified into 78 distinct behaviors in the field. However, activities were combined into 7 major categories for analyses: feeding, locomoting (walking, swimming, and flying not associated with courting activity), resting, preening (preening or bathing), alert, courting (displaying or copulating), and agonistic (bill threats, chasing, biting, and inciting).
Diurnal activities were recorded during randomly selected 1-hour periods. Nocturnal observations were recorded during nonrandom periods. Nocturnal observation periods usually began at sunset and continued without stopping until birds were no longer visible or until sunrise. Most (93%) nocturnal observations were made with the aid of moonlight. Data were collected on <2 birds at one time during the day and on most nights. However, activities of >6 birds at one time were observed on some nights. Nocturnal observations were limited to birds within 30 m of the observer. Data from observation periods lasting <30 minutes were not included in the analyses. For analyses, hours observed = birds observed x hours observed.
When possible, ducks wearing nasal saddles labeled with unique number-letter combinations were observed (Greenwood 1977). Unmarked birds selected for observations were chosen in the following manner. First, 1 of the 7 activities was randomly chosen until an activity was selected that was being performed by
_1
bird. If several birds were engaged in the activity on different portions of the pond (i.e., mottled ducks were feeding along the edge of the shoreline and on open water), a pond location (on land, edge of shoreline, 2-6 m from the shoreline on water, or on water at >6 m from the shoreline) was randomly chosen and individuals observed were chosen from birds using that location. The single duck or pair finally chosen for observation were those individuals subjectively considered most likely to be in the field of view during the entire observation period.
Mottled ducks were observed from the ground or from elevated blinds located on towers 3-10 m off the ground. Twenty-five sites representing a variety of habitats used by mottled ducks were selected for behavioral observations. Sites were chosen for their availability of birds, accessibility, and my ability to enter the blind while minimizing disturbance to birds in the area. One to 3 sites that met these criteria were usually available at any one time. The location used for each day's observations was chosen sequentially from suitable sites. During observation periods I determined the sex and pair status of individuals. Pair status was determined by observing associations of males and females. Mistakes resulting from chance or temporary associations were reduced by classifying ducks as paired only if they (1) mutually avoided or threatened other birds; (2) exhibited synchronized activities, especially locomoting and agonistic behaviors; and (3) remained within 3 m of each other during most of the observation period (Paulus 1983 (Paulus , 1984 
RESULTS Feeding
Mottled ducks spent a mean of 43% of their time feeding during the study. Bottom feeding (79%), tipping (9%), feeding while standing in water or on land (9%), and surface dabbling (2%) were important modes of feeding. Diving for food was observed on 3 occasions. Time spent feeding was similar among cohorts of sex and pair status (P = 0.937) ( Table 1) . Though birds were not sexed at night, individuals of pairs appeared to engage in feeding activities and feed at similar rates.
Diurnal feeding was most common during early morning and late afternoon (Fig. 1) . Mottled ducks spent more (P < 0.001) time feeding at night (50.6%) than day (39.0%). Ducks usually fed in small groups or as pairs at night and most dabbled in shallow-water wetlands. Nocturnal feeding was not observed when temperatures were >20 C or <-15 C.
Morning and evening flights were not quantified, but on most days mottled ducks used deeper water ponds with loafing sites and then flew to shallower marshes at dusk. However, evening flights were <200 m if suitable shallowwater marshes bordered deep-water ponds. If mottled ducks used shallow ponds during the day, they usually remained in the same area at night. Most birds using the refuge during the day also remained at night. Mottled ducks spent more time feeding during September, January, and February than other months (P < 0.05) ( Table 2) ing January and February, and mottled ducks appeared to select diets containing more invertebrates. Females often tore apart mounds of dirt and then strained the material through their beaks. Esophagi of 3 pairs collected in January were filled entirely with midge (Tendipedidae) larvae. Time spent feeding increased with declining temperatures, cloud cover, and wind velocity (Table 3) . Feeding rates (52%) were greater at temperatures below the lower critical temperature (14 C) than above (39%) (P < 0.001). However, during 1 night when temperatures dropped to -8 C and ponds began to freeze, mottled ducks ceased feeding and moved onto land under vegetation. Shallow ponds remained frozen for several days and mottled ducks confined their feeding to deeper canals and ponds.
Ducks fed most often in water at the edge of the shore or on open water (Table 4) 
Resting and Preening
Mottled ducks rested (36%) and preened (9%) nearly half of their time. Pairs spent more time resting than unpaired birds (P < 0.001) ( Table  1) . Mottled ducks usually rested on land within 2 m of water, facing into the sun or wind (Table  4) . They often rested on elevated mounds of dirt or vegetation.
Resting activity was lowest after sunrise, highest during midday, declining during early night, and increasing from midnight to sunrise (Fig. 
Alert and Locomoting
Mottled ducks averaged 7 and 6% of their time alert and locomoting, respectively. Most locomotor activity consisted of swimming (89%), flying (4%), or walking on land (3%). Because flying activity was not recorded once the bird left the observation area, time spent flying was underestimated.
Unpaired mottled ducks spent more time locomoting than paired birds (P < 0.001 for F, < 0.01 for M) ( Table 1) . Unpaired males spent more time alert than pairs (P < 0.001) and unpaired females more time alert than paired females (P < 0.01). Time spent in locomotor and alert activities remained at similar levels for most of the nonbreeding season (Table 2) . Mottled ducks spent less time locomoting (2.4 vs. 7.2%) and alert (5.9 vs. 7.9%) at night than during the day. At night, mottled ducks did not always remain at the same pond; individuals were observed arriving at, and leaving, the pond throughout the night.
Courting and Agonistic
Courting activities comprised <1% of the time budget of mottled ducks and time spent courting was similar among paired and unpaired males and females (P = 0.760) ( Table 1) . Courtship activities were first observed in August and reached highest levels in the fall. By December, 90% of females were paired.
Most courting occurred in early morning and late afternoon although some activity was observed at night. Most courting occurred on shallow-water impoundments or canals, especially where groups of >20 birds were gathered.
Of 63 copulations observed, 2 were in September, 23 in October, 11 in November, 9 in December, 13 in January, and 5 in February. Precopulatory and copulatory displays comprised 59.5% of courtship activities of mottled ducks.
Agonistic activities were observed infrequently and at similar rates among all mottled ducks (P = 0.705) ( Table 1) . Chasing was the predominant agonistic activity of pairs. Unpaired birds rarely chased other birds but mostly gave bill threats (M) or incited (F). Most agonistic activities lasted only a few seconds, although paired males were observed chasing other birds >20 m. No differences were found in time spent in agonistic activities during day or night (P = 0.280).
Agonistic activities were observed most often in October and November, when threat behaviors comprised 0.5 and 0.3% of time spent by mottled ducks, respectively. During the remaining months mottled ducks spent <0.2% of their time in agonistic activities. Paulus (1988a) provided detailed descriptions of courting and agonistic activities and displays.
DISCUSSION
Mottled ducks spent more time feeding than in other activities and time spent feeding was comparable to that of pintails (A. acuta) and green-winged teal (A. crecca) in Louisiana (Tamisier 1976 ) that consumed similar diets. As foraging time increased, time spent resting declined while time spent in other activities showed little change. Time spent locomoting, preening, courting, alert, and in agonistic activities also was similar to that of other winter waterfowl (Paulus 1988b ). This suggested that nonbreeding mottled ducks allocated sufficient time to these Nocturnal feeding was not observed when temperatures were >20 C or < -15 C. At coldest temperatures, it may have been energetically advantageous to forego feeding and seek sheltered microhabitats. Ice formation on ponds also limited availability of foods.
Although mottled ducks were observed feeding on nights without moonlight, ducks usually began preening and resting soon after the moon fell below the horizon. If feeding activity was primarily limited to moonlit nights, nocturnal feeding rates may be lower than levels reported in this study.
Seasonal feeding activity was similar to that of pintails, green-winged teal (Tamisier 1976) , and mallards (Jorde 1981). Foraging rates in September were high as ducks continued to replace weight lost during laying, incubation, brood rearing (F), and molt (M) (S. L. Paulus, unpubl. data). Also, many seeds were unavailable to mottled ducks due to the immaturity of seed heads or their inaccessibility to feeding birds.
During October-December mottled ducks consumed foods primarily to meet maintenance requirements. Seeds were readily available due to killing frosts and flooding of seed-producing wetlands. Because seeds were a more concen- 
MANAGEMENT IMPLICATIONS
Most mottled ducks fed in shallow-water marshes with abundant seed material. Impoundments that allowed manipulation of water depths, allowed maintenance of diversified habitat at a high level of productivity, and produced large quantities of seeds (Chabreck 1979) were important to mottled ducks. Large numbers of mottled ducks fed in impoundments and other shallow-water wetlands at night when avian predators were least active. At night, mottled ducks used dense stands of bullwhip and sprangletop that might not be used during daylight. Mottled ducks congregated on specific impoundments at certain times of the year rather than using all impoundments at once. By manipulating water levels, managers could stagger use, reduce operating costs, and increase duckuse days for each impoundment.
Diurnal use of shallow-water wetlands containing dense, flooded vegetation can be enhanced for mottled ducks by making openings to form small ponds. This can be achieved mechanically, by water level manipulation, or by temporarily flooding with salt water (T. Joanen, La. Dep. Wildl. and Fish., pers. commun.). Mottled ducks flew to these ponds from feeding areas to avoid harassment from avian predators and used them for courting and loafing.
Production of leafy aquatic vegetation used by mottled ducks in deep-water areas depends upon periodic flooding and drainage needed for nutrient cycling (Gosselink et al. 1979) . Weirs are effective in preventing complete drainage of wetlands, decreasing turbidity, and increasing production of aquatic vegetation (Larrick 1975) .
Deeper water areas also can be made more attractive to mottled ducks by providing islands for loafing. Sloping shorelines with little overhanging vegetation were favored by mottled ducks. When shallow ponds froze over, deeper ponds and ditches provided refuge for most mottled ducks. Tamisier (1976 Tamisier ( , 1978 suggested that most ducks used separate areas for diurnal loafing and nocturnal feeding. At dawn and dusk, flights of mottled ducks were common as birds moved from deeper loafing areas to shallower feeding areas. However, mottled ducks used the same wetland during day and night if food and safe loafing areas were available. Providing deep ponds adjacent to shallow wetlands with abundant seed material is the most feasible means of attracting and holding mottled ducks in an area that meets their fundamental requirements.
